INTRODUCTION
Fetal varicella-zoster (V Z V) syndrome is a rare disorder affecting as few as 1% to 5% of infants whose mothers contract primary varicella during the first 20 weeks of gestation. 1 Affected fetuses may manifest a myriad of malformations as a consequence of varicella-zoster virus (VZV) replication and destruction of developing fetal ectodermal tissue including the brain, eye, spinal cord, skin, and peripheral nerves. 2 To our knowledge, this is the second case report and the first in the pediatric literature to highlight the significance of the abnormal cry and its relationship to the fetal VZV syndrome as well as the association of in utero intracranial calcifications.
CASE REPORT
The infant delivered by emergency Cesarean section at 40 weeks' gestational age to a 26-year-old Hispanic female, gravida 2 para 0, O negative blood type. Her first pregnancy was complicated by a miscarriage associated with twin±twin transfusion. The current pregnancy was complicated by maternal varicella eruption at 21 weeks' gestation. Both parents were unaware of ever having had clinically apparent chickenpox. The mother was from the Caribbean. Two weeks after exposure to symptomatic children in his classroom, the father developed clinical evidence of varicella, which corresponded to the mother's 18th week of gestation. The mother sought medical attention but was not offered varicella immune globulin (VZIG). She developed a viral exanthem consistent with varicella at 21 weeks' gestation and was referred for counseling to an internist. He relayed that the fetus was at minimal risk. The mother was then referred to a perinatologist for evaluation and monitoring for signs or symptoms of fetal infection. Fetal ultrasound examination corresponding with 36 weeks' gestation demonstrated diffuse intrahepatic calcifications without other associated stigmata of fetal V-Z syndrome. Maternal serologic studies were obtained including assessment of alpha fetoprotein, syphilis, rubella, toxoplasmosis, cytomegalovirus (CMV), herpes virus types 1 and 2, and parvovirus. Tests results for rubella and parvovirus were both IgG positive and IgM negative. All other serologic studies were negative. A tuberculin test, PPD, was read as negative.
The mother presented to the hospital in active labor at 40 weeks' gestation. Based on her positive group B streptococcus (GBS) status, she was given one dose of intravenous ampicillin 3 hours before delivery. During labor, the fetal heart tracing showed a normal baseline with markedly decreased variability. A Cesarean section was performed. The mother had an uneventful medical recovery.
At delivery, the infant was noted to be vigorous but had a weak, hoarse cry and copious oral secretions. During the first minute of life, the mouth and oropharynx were repeatedly cleared of secretions. Blow-by 100% oxygen was administered. Positive pressure ventilation by face mask was initiated at 2 minutes of life for 30 seconds for continued evidence of cyanosis, followed by an ongoing need for supplemental oxygen. Apgar scores of 6 at 1 minute and 9 at 5 minutes were assigned. The venous cord blood pH was 7.30. Healed scars consistent with prior varicella were observed on the lower right leg and on the chin. The infant was transferred to the Special Care Nursery for further evaluation.
The patient was a well-grown female infant without gross dysmorphic features or deformities. Pertinent positive findings on her admission examination included a persistently weak, hoarse cry and evidence of respiratory distress as evidenced by tachypnea and substernal retractions. On auscultation, rales were appreciated in the right lung base. The abdominal exam was unremarkable without evidence of organomegaly. The neurologic exam was normal.
AP and lateral chest radiographs showed consolidation and volume loss in the right perihilar and right basilar areas with atelectasis of the right upper lobe. The left lung fields were clear and well aerated. Results of the arterial blood gas sample on 35% FiO 2 were pH 7.28, pCO 2 58, pO 2 247. Intubation was accomplished with careful examination of the vocal cords and no abnormalities were noted. Copious mucoid secretions were suctioned through the endotracheal tube. Tracheal aspirate cultures were sent. A full evaluation for infection was initiated but the attempted lumbar puncture failed to yield fluid for study. Broad spectrum intravenous antibiotics were initiated, as was intravenous acyclovir. Improvement in respiratory status was rapid with extubation to room air at 12 hours of age. A repeat chest radiograph showed marked improvement with persistent infiltrates at the right base. A 7-day course of antibiotics was completed. All cultures were negative for pathogens and a presumptive diagnosis of amniotic fluid aspiration was made based on the clinical course and rapid resolution of symptoms and radiographic findings. The infant remained stable on room air and began oral feedings eagerly. The cry continued to be abnormal and consultation from otolaryngology was sought. Direct laryngoscopy failed to reveal abnormalities of vocal cord anatomy or function.
Diagnostic studies preformed during the hospital course relative to the evaluation of fetal V-Z syndrome were undertaken. The abdominal ultrasound confirmed the presence of diffuse intrahepatic calcifications, as well as a few punctate calcification in the spleen, and a small amount of ascites surrounding the tip of the right hepatic lobe. Head CT without contrast revealed normal ventricular size with evidence of calcifications in the periventricular area bilaterally and the basal ganglia. (Figure 1 The infant was discharged home on full oral feeds by bottle. Attempts to feed at breast had been unsuccessful. A follow-up telephone call initiated by the physician at 1 month of age elicited a history of intermittent coughing with bottle feedings. A chest radiograph obtained the following day was significant for marked bilateral hyperinflation, right greater than left. A barium esophagram demonstrated esophageal dysmotility, along with tracheal aspiration of barium to the level of the carina. (Figure 2 ) The infant was admitted for comprehensive pulmonary and gastrointestinal evaluation and treatment. The physical examination at that time revealed sustained adequate weight gain and no evidence of respiratory distress. Monitoring with continuous pulse oximetry did indicate periods of oxygen desaturation, which corrected with supplemental oxygen by nasal cannula. Intermittent expiratory wheezing was present. This improved significantly following nebulized albuterol. A modified barium esophagram offering thickened feedings orally confirmed a vigorous suck/swallow without evidence of tracheal aspiration. The esophagus, however, showed very poor peristalsis with multiple tertiary waves but no effective primary or secondary peristaltic waves. There was poor clearing of the barium from the esophagus. Multiple episodes of gastroesophageal reflux were noted that extended to the pharynx. Following continued observation in the hospital, the infant was discharged to home. Before discharge, the parents were instructed in all aspects of her care including provision of thickened feeds. Discharge medications included metoclopramide and famotidine for gastroesophageal reflux and nebulized albuterol and cromolyn sodium for reactive airway disease.
Two weeks later the infant was readmitted for signs and symptoms of moderate respiratory distress as evidenced by tachypnea, nasal flaring, substernal retractions and wheezing. There was no evidence of an acute infectious etiology. Recurrent coughing was described with thickened feeds. A percutaneous central line was inserted for total parenteral nutrition and a percutaneous gastrostomy tube was inserted. Continuous gastrostomy feedings were well tolerated with associated resolution of respiratory symptoms.
At age 2-1/2 years, the patient has had no further complications related to compromised pulmonary function. The abnormal cry normalized after measures were instituted to alleviate tracheal aspiration suggesting that perhaps, direct irritation of the vocal cords was the etiology for the hoarse, weak cry. She has continued, however, to have significant issues with feeding delivery including feeding aversion and need for continuous gastrostomy tube feedings at night. She is able to orally consume liquids and soft solids without tracheal aspiration. She is enrolled in an intensive feeding program.
Neurologically she is a socially engaging youngster with a very high level of activity and easy distractibility. Her physical examination is significant for mild right ptosis and a left hemiplegia with greater involvement in the left hand and arm than the left leg. She ambulates independently and has benefitted from botulinum toxin injections for relief of spasticity and wears a left ankle foot 
DISCUSSION
The pathogenesis of fetal VZV syndrome is currently felt to be secondary to intrauterine varicella zoster. The lack of cell-mediated immunity before 20 weeks' gestation allows for an extremely short latent period between fetal infection and reactivation. The neurotropic nature of the virus is responsible for the primary mechanism of injury, which leads to a spectrum of neurologic and anatomic deformities and deficits. The initial infection results in cutaneous dissemination with subsequent retrograde neuronal spread of virus to dorsal root ganglia. Viral reactivation leads to neuronal damage and secondary neurologic dysfunction and deformity. 3, 4 This syndrome has been referred to in the literature as the congenital varicella syndrome, varicella embryopathy, congenital varicellazoster syndrome, fetal varicella syndrome, and fetal varicella-zoster syndrome. Bulbar palsy with associated dysphagia and subsequent aspiration pneumonia has been reported to occur in as many as 25% or more of cases. 5 The significance of the abnormal cry has received little emphasis in the neonatal/pediatric literature.
In 1990, Gaynor, 6 in the otolaryngology literature, described a term infant with an absent cry at birth, which subsequently was characterized as low-volume, infrequent, and high-pitched. The maternal pregnancy history was complicated by varicella infection at 14 weeks' gestation. The infant had no physical features to suggest a diagnosis of congenital VZV syndrome; however, there were significant difficulties with feedings and tracheal aspiration. No stridor or airway problems were noted. Barium esophagram described abnormal pharyngeal contractions and esophageal dysmotility, with poor esophageal clearance of barium into the stomach. A head CT scan revealed diffuse cortical atrophy and cortical calcifications. Nasogastric feedings were utilized until such time as the child could feed safely by mouth. Gaynor's experience in this case led him to suggest,``any alteration of the newborn cry should suggest the presence of a central neurologic or systemic problem in the absence of a local abnormality of the larynx and vocal mechanism''. 6 Vocal cord paralysis as a complication of fetal VZV syndrome has been reported in two separate articles in the pediatric literature. 7, 8 Taylor et al. 7 reported an infant in whom abnormal fetal breathing patterns were noted in utero with subsequent evidence of marked inspiratory stridor at birth associated with pooling of pharyngeal secretions. The mother had a history of varicella eruption at 8 weeks of pregnancy. Recurrent aspiration pneumonias persisted despite a tracheostomy and fundoplication with gastrostomy. The infant died at 10 months of age secondary to cardiovascular failure. 7 Randel et al. 8 presented a similar case born to a mother with a misdiagnosed varicella eruption at 20 weeks gestation. Following exposure she had developed an itchy rash, which her physician attributed to flea bites. This infant was intubated at delivery for hypotonia and poor respiratory effort. Following failed extubation, bilateral vocal cord paralysis was diagnosed. This infant required a tracheostomy, fundoplication, and gastrostomy. At 7 months the child's diagnoses included: chorioretinitis, bulbar palsy, seizures, growth hormone deficiency, moderate developmental delay, and bilateral vocal cord paralysis. This prompted the authors to suggest that``the presentation of bilateral vocal cord paralysis in an infant otherwise appearing healthy would seem to extend the types of patients who should be considered for possible in utero VZV infection''. 8 The presence of periventricular calcifications typically prompts a diagnostic evaluation for in utero infections with CMV or toxoplasmosis. In 1974, Srabstein et al. 9 reported autopsy findings of occasional scattered areas of calcifications in the white and gray matter of the cerebrum, thalamus, and cerebellum in a child with presumed congenital varicella syndrome. Michie et al. 10 reported Figure 2 . Tracheal aspiration. Oblique view during barium swallow shows normal opacification of hypopharynx and esophagus (large arrow ) but inappropriate opacification of trachea as well, anteriorly (small arrow ), resulting from aspiration.
ultrasonographic and autopsy confirmation of extensive calcification of the liver and foci of calcification in the cerebral cortex in an infant whose mother developed a varicella rash at 23 weeks of gestation. The autopsy showed focal necrosis of the cerebral cortex as well as extensive calcification in the brain, skin, liver, spleen, myocardium and lung. In Table 1 of a 1987 publication by Bale et al. 11 two cases of VZV infections are included in a discussion of magnetic resonance imaging of the brain in childhood herpesvirus infections. The single newborn case of VZV had findings on head CT scan including hydrocephalus with brainstem and basal ganglia calcifications. The corresponding MRI was not remarkable for calcifications but did show hydrocephalus, cerebellar aplasia, and hypervascularity of deep nuclei. In this patient, as in our own and Gaynor's, CT scan was the optimal study for detection of intracranial calcifications.
Fetal VZV syndrome, though rare, can be devastating to the fetus. Maternal infection during pregnancy is uncommon as 85% to 95% of adults in the Continental United States are immune to varicella. 1 Prober et al. 12 instruct that if the mother was raised in the Caribbean, Philippines, or other tropical/subtropical country that there is a higher likelihood of susceptibility as a result of lack of childhood exposure to varicella. In this case, VZIG is recommended within 4 days of exposure to varicella. 12 This recommendation is consistent with the Committee on Infectious Diseases of the American Academy of Pediatrics and is based on the increased risk of morbidity to the pregnant woman, particularly with regard to varicella pneumonia. 13 14 recommends that all women of childbearing age should be questioned about immunity to varicella preconceptually, and offered serological testing, and VARIVAX vaccine if indicated. 14 The parents in this report fit these high-risk criteria. Whether VZIG given to the pregnant woman after exposure early in pregnancy confers protection to the fetus from infection and the potential sequelae of fetal VZV syndrome is unknown. 13, 15 Katz et al. 1 reviewed all patients referred to the University of North Carolina from January 1989 to July 1994, with a history of primary varicella during pregnancy. Of the 31 cases, 35% of the mothers were Hispanic, 29% African American, and 35% White, whereas only 6% of the total obstetric population was Hispanic. He expressed concern that with the increasing population of Hispanic women in the United States, there may be a larger population of women susceptible to varicella during pregnancy. 1 The availability of the varicella vaccine and its conferred individual immunity, as well as herd immunity, may, in time, have a significant impact on the prevalence of this infectious disease and its subsequent risk to pregnant women.
Chapman
Confirmation of transplacentally acquired varicella infection in the neonate exposed in the first or second trimester is difficult both by serology and virology. Specific immunoglobulin production is uncommon before 20 weeks' gestation. Evidence to support the diagnosis include: persistence of, or an increase in, the infant's IgG level specific for varicella after the age of 6 months, in association with declining or absent maternal antibodies; the presence of specific IgM antibodies to VZV after delivery; or the appearance of a zoster eruption in the infant at several months of age, consistent with latent infection. Attempts to culture VZV in cell culture from infected infants has been universally unsuccessful suggesting a lack of active virus at term. 16 These are such consistent finding in all reports that thè`p eculiar constellation of anomalies'' at birth have historically been attributed to VZV infection based on strong circumstantial evidence. 4 In utero, detection of VZV virus can now be accomplished using polymerase chain reaction (PCR) on amniotic fluid. 16 ± 18 The presence of the virus confirms the presence of infection, but does not correlate with the severity of injury or deformity. Kustermann et al. 17 demonstrated a 36% rate of placental/fetal infection (5 of 14) when mothers became infected between 10 and 24 weeks' gestation. In this study, PCR testing on a combination of chorionic villus sampling, amniocentesis, and fetal blood sampling was conducted. Two of five aborted fetuses with positive PCR results had evidence of VZV DNA in most examined tissues at autopsy. The nine women who tested PCR negative on all sampling sites delivered normal, healthy infants. 17 Similarly, Mouly et al. 18 utilized PCR and cell culture to detect virus in amniotic fluid of 107 infected women before 24 weeks' gestation. Fetal blood was also sampled and tested for anti-VZV immunoglobulin M on 82 patients. None of the blood samples on infected fetuses were positive. He found a rate of transplacental passage of 8.4% utilizing PCR and a corresponding rate of 1.8% using cell culture with evidence of fetal V-Z syndrome in 2.3% (3 infants). With these results, he concluded that fetal blood serologic testing had no role in diagnosis and that PCR was superior to cell culture for detection of VZV in amniotic fluid. 18 Before the availability of PCR, fetal ultrasound has been the most reliable method of diagnosis through detection of complications of the varicella-zoster infection. These complications take time to develop such that the ultrasound study needs to be at least 5 weeks post maternal infection. 19, 20 These diagnostic difficulties make prognostic counseling and decision making regarding pregnancy continuation, or anticipated fetal involvement, very difficult.
In summary, fetal varicella-zoster syndrome is a rare disorder, and thus infrequently encountered in neonatal medicine. The diagnosis can be elusive unless a clear history of maternal infection during the first or second trimester of pregnancy is communicated and the infant demonstrates classic skin, limb, or neurologic findings. This case describes two previously rarely described findings on clinical examination and imaging studies that should potentially alert the physician to the possibility of the fetal varicella-zoster syndrome. In this case, the realization that the abnormal cry was likely associated with bulbar palsy and secondary aspiration allowed for intervention before the onset of significant clinical symptomatology and potential demise. The differential diagnosis in the presence of an abnormal cry and/or intracranial calcifications in the newborn infant should be expanded to include the fetal varicella-zoster syndrome.
